Abstract -
INTRODUCTION
T he UK National Lottery was inaugurated in November, 1994, and immediately became one of the country's principal gambling media, attracting £4.4 bn. of revenue in its first year of operation. Similar in format to many U.S. state lotteries and to that in France, it is a pari-mutuel 6/49 numbers game which generates a substantial jackpot pool to be shared by all those selecting the six winning numbers; individual pay-outs have averaged £1.8m. and ranged as high as £22.5m.; there are also smaller prizes for partially correct entries, and these account for the bulk of all payments to bettors.
1 If no one selects the full set of winning numbers, a rollover is declared and the jackpot prize money is added to the jackpot pool for the following draw. Initially, draws took place weekly, on Saturdays, but a midweek draw, held on Wednesdays, was added in February, 1997 .
Although the principal features of the Lottery were set by government, its operation was franchised to a private consortium, Camelot group plc, which is subject to supervision by a specialist regulatory agency, Oflot. In this paper, we ask whether the design of the Lottery-in particular the specification of the proportion of sales revenue that has to be paid out in prizes-was appropriate given the purpose the Lottery was intended to fulfil.
THE ECONOMIC SIGNIFICANCE OF DEMAND ELASTICITY
The stated aim of government in establishing the Lottery, and one reaffirmed in the legislation laying down the role of Oflot, was to raise money for named "Good Causes." If this were indeed the point of the policy, then the government should have fixed operating rules that would maximise the difference between the amount spent on Lottery tickets and the prizes paid back to bettors. This difference represents the sum of money available for distribution to Good Causes (and indeed, also the amount available to fund the betting tax levied by the Exchequer on the Lottery). 2 We expect, therefore, that the government will have tried to provide a framework that would require net revenue maximization by the operator. Another way of putting this is that the rules should constrain the operator to locate at the point on the demand curve where elasticity of demand with respect to effective price, to be defined below, is minus one.
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In this paper, we use data from the first three years of Lottery operation to assess whether measured demand elasticity is indeed minus one, as net revenue maximization would predict.
THE EFFECTIVE PRICE OF A LOTTERY TICKET
Given that we seek to measure price elasticity of demand, careful consideration needs to be given to what is meant by the price of a lottery ticket. There is no ambiguity about the nominal price, which is fixed and unchanging: one pound must be paid for each combination of numbers entered in the game. However, what the bettor is purchasing is prospective prize money, and if the rules of the game deliver a reduction in prize money, the unit price of the bet may be said to have increased. We follow Clotfelter and Cook (1987) and subsequent authors in regarding the effective price of a ticket as the difference between its face value and the expected value of the prize.
In the UK case, Camelot is obliged to pay out in prize money 50 percent of the revenue received during the seven years of its licence.
5 Thus, for every one pound spent, £0.50 is returned to bettors in prizes. The other £0.50 is "taken out" (to cover operating costs, retailer commission, tax payments, franchisee profit and disbursements to the Good Causes) and this £0.50 we regard as the effective price of playing the game. 6 2 The amount of revenue given to good causes is a piece-wise linear (quasi-concave) function of sales so that at very high sales the amount of extra revenue given to the good causes would rise. However, the level of sales specified is outside that experienced in our sample period. 3 Once a profit-maximizing operator has secured the franchise, it would, of course, prefer to locate on the elastic part of the demand curve, given positive marginal cost. 4 Gulley and Scott (1993) similarly attempt to assess demand elasticity for the lottery games in four American states to check whether the respective state agencies are profit maximizing. Their finding was that in two cases the measured elasticity was consistent with profit maximization. However, in the other two states, measured demand elasticity indicated an inappropriate lottery design: in one case, demand was significantly more elastic and in the other demand was significantly less elastic than the value of minus 1.19 that they calculated as being required for the achievement of maximum profit. The figure of minus 1.19 is based on the assumption that the marginal cost of a one dollar ticket is eight cents (of which five cents is retailer commission). 5 Camelot was, however, permitted to pay out less than 50 percent during its early years (to cover set-up costs) as long as any shortfall was compensated for later. 6 Of interest is that the 50 percent take-out rate for the Lottery is approximately twice as great as the take-out rate in horse race betting and fruit machines, two other mass participation gambling media with which the Lottery competes (Moore, 1997) . However, the smaller volume football pools sector, a closer competitor to the Lottery in that it also offers a "long odds-large prize" product, had a larger take-out rate, over 70 percent, at the time the UK National Lottery was launched. Essentially, the present paper is about whether the take-out rate for the Lottery was well chosen in the context of the goal of net revenue maximization.
Although the effective price has to average £0.50 over the whole period of the licence, 7 variation from this is permitted in any given draw. Indeed, the rules of the Lottery work to induce very substantial changes in price between draws. For example, if a rollover has been declared or if Camelot exercises its option (subject to Oflot agreement) to commemorate a special occasion by adding to the jackpot fund (this option is known as a superdraw), then the expected value of a ticket for that particular draw will increase and the effective price correspondingly fall. Exactly how much cheaper the ticket will become will depend on how many extra bets are attracted by the increase in jackpot size: the more new bets there are, the more thinly spread will be the advantage of there being a fixed "bonus" in the jackpot fund and the less will be the reduction in price.
Our period of analysis is from the beginning of the Lottery in November, 1994 , until October, 1997 . For each of the 188 draws in this period, we calculated the effective price of a ticket from the formula applied, inter alia, by Gulley and Scott (1993) and Scoggins (1995) :
where P is the effective price of a ticket; Q is the number (and value in pounds) of tickets sold in that draw; R is the amount added to the prize fund by a rollover from the preceding draw (or by an ad hoc payment into the fund by the operator in a superdraw); 8 j is the proportion of the revenue from a draw that is allocated to the jackpot fund; p is the probability of any ticket winning the jackpot; and EVs is the expected value of smaller prizes.
9 The probability of any single combination of six numbers winning a share in the jackpot is 1/(49!/43!6!). All the other figures required for the calculation of P are published by Camelot. We were therefore able to find the effective price of a ticket for all 188 draws in our sample period. Effective price varied from £0.314 to £0.597: the mean and standard deviation were £0.529 and £0.056, respectively. Sales varied from £25,034,690 to £127,824,795: the mean and standard deviation were £59,372,323 and £17,389,989, respectively.
As outlined above, the goal of this paper is to estimate the price elasticity of demand for UK National Lottery tickets. We take the cost of a ticket to a purchaser as being represented by the "effective price" and we therefore set out to assess whether elasticity of demand with respect to effective price is minus one. If this measure of elasticity were minus one, net revenue (revenue net of prize payments) would be maximized and this should be the government's goal, as it is the net-ofprizes fund that is available for distribution to the Good Causes, once other costs have been accounted for. Thus, if the terms of the Lottery were made slightly more generous from the point where elasticity of demand with respect to effective price 7 In practice, Camelot has some limited scope to deviate from the 50 percent Lottery take-out rate even in the long-run. It could do this by price discriminating between the Lottery and the scratch card games, which are also covered by its licence and included in the calculation of the proportion of revenue paid in prizes. So far, Camelot has allocated less than 50 percent of Lottery proceeds to prizes while selling scratch cards at an effective price of £0.40. 8 These ad hoc payments when Camelot declares a superdraw have the purpose of bringing the jackpot up to some pre-announced level higher than that which sales levels would normally generate. 9 The equation for effective price incorporates an expression for the expected jackpot prize (of a single ticket) used by Cook and Clotfelter (1993) . Strictly, the use of their formula requires an assumption that bettors always choose their numbers randomly. In fact, there is evidence from U.S. lotteries (Scoggins, 1995) as well as from the UK Lottery (Farrell et. al., 2000 , Moore, 1997 ) that player selection of numbers is non-random. However, Farrell et. al. also show that this conscious selection has negligible impact on the estimated elasticity.
was minus one, sales would increase and gross revenue would increase correspondingly. However, the extra turnover would be taken wholly by the extra prize payments, with no net gain in the amount of money available to the Good Causes and the Exchequer. Also from the point of unit elasticity, any attempt to extract a higher take-out from the nominal price of the ticket would result in the saving in prize payments being offset by the loss of gross revenue from ticket sales, with again no advantage secured in the amount available for the Good Causes and the collector of betting taxes. Therefore, to determine whether the government has set the take-out rate for the Lottery at a level appropriate to the achievement of its stated goals, we test the hypothesis that elasticity of demand with respect to effective price is minus one.
THE REGRESSION MODEL
The significant variation in effective price between draws allows the elasticity of demand with respect to effective price to be evaluated, because one can observe the response of sales to these price movements. However, it is not appropriate simply to regress sales on effective price. This would not identify the demand curve, because effective price would not be exogenous given that it depends on how many tickets were sold.
This simultaneity problem may, however, be overcome, and the demand relationship estimated, by adapting a model employed by Gulley and Scott (1993) to examine the demand for U.S. state lottery tickets. The model rests on an appreciation that an effective price such as we have calculated was not necessarily the price bettors would have considered when deciding on their purchases. Indeed, they cannot have known its exact value because it is calculable only ex post. Instead, bettors would have had to form an expectation of what effective price would be and this implicitly involved predicting the total number of tickets sold. There were a number of sources of information to help them in their predictions. For example, the amount of any rollover is known from the published outcomes of the previous draw; any augmentation of prize money in a superdraw is well publicized; and patterns will have emerged from previous draws of the relative sizes of Wednesday and Saturday jackpots. Stage one of the model regresses ex post effective price on variables intended to capture the role of such publicly available information. Effective price as predicted by this regression equation is then taken as representing the expected price on the basis of which bettors will have made their purchasing decisions. The validity of this approach can be subject to econometric testing before proceeding to stage two.
Stage two of the model estimates the demand relationship itself by regressing sales on the fitted values of price generated in stage one and on other variables likely to influence bettor demand. The estimate of the coefficient on expected price allows an assessment of how sensitive to price bettors are and a calculation of price elasticity of demand.
Our instruments in this two-stage procedure are size of rollover and its square. This essentially assumes that rollover size affects sales only through expected value and hence effective price; rollovers have no other effect on sales and any nonpecuniary value of a ticket (such as "fun" in lottery play) depends only on its expected value. As Walker (1998) argues, unless there is observed variation in expected ticket value brought about by random design changes, then exact identification by rollover is the only method available. For the United Kingdom, we do not have the changes in game design apparent in longer-established lotteries such as in Ireland (Purfield and Waldron, 1999) and Israel (Beenstock and Haitovsky, 1997 ).
Beenstock and Haitovsky are able to examine the effect of skewness in the prize distribution on sales, over and above the impact of expected value. It might be conjectured that skewness in the prize distribution rises when there is a rollover and that skewness affects sales. (There is a substantial and varied literature on the impact of skewness on returns in financial and betting markets: see Francis (1975) for an application of this idea to financial markets, Golec and Tamarkin (1998) on the role of skewness in returns to horse race betting, and Woodland and Woodland (1999) on the impact of skewness on the baseball betting market).
10 If skewness matters for lottery sales, our two-stage procedure with exact identification by rollover would be rendered invalid and we would need to model the influence of rollover on sales through both expected value and skewness. With game design changes, as in Israel, it is possible to separate the influences of skewness and (mean) expected value, subject to the important caveat that design changes in the game may themselves be endogenous reactions to faltering sales. Such a separation is not possible for the United Kingdom, where the rules of the game itself have not changed. Although a second (Wednesday) draw was introduced and more recently a new lottery game (Thunderball) was established alongside the main game, the rules of the main lotto game have remained unaltered. Nevertheless, we check the validity of our two-stage procedure by means of a Hausman test for exogeneity of our instruments and, further, by inspecting the correlation of rollover and skewness and then testing for significance of skewness as a variable in the sales equation.
SPECIFICATION OF EQUATIONS
We estimated the following equations by two-stage least squares. Effective price and expected price, sales, and size of rollover are in logs.
[
As above, p is (log) price. q is (log) number and pound value of tickets sold. q -1 to q -4 are log sales in each of the four immediately preceding draws.
11
EXPPRICE is the value of p predicted for each draw from the results of the first stage equation. The choice of log-linear functional form in the second stage equation was made for ease of interpretation; given that expected value essentially takes two values (about 0.6 for a rollover draw and 0.45 for a regular draw), there are no statistical grounds for choosing between log-linear, semi-log or linear relationships.
Each equation includes a set of variables chosen to represent influences on bettor behaviour. The inclusion of TREND and TREND 2 is based on evidence of U.S. state lotteries having had the experience of first 10 A deeper question, which requires a more formal analysis for an answer, is why lotto games typically feature several levels of prize (Conlisk, 1993; Quiggin, 1991) . Quiggin offers a variation on expected utility theory to derive an optimal prize structure. The role of "small" prizes in the UK National Lottery play merits further analysis but is beyond the scope of the present paper. 11 We employed four lags on the dependent variable on the basis of experimentation beginning with one lag and using a specific-to-general testing procedure to check for significance and any serial correlation. Further lags on the dependent variable failed to attract statistically significant coefficients.
gaining momentum and then encountering player boredom or disillusion with the game (Miers, 1996) , 12 TREND is the draw number where numbers are allocated sequentially from one to 188. ROLLOVER is the (log) number of pounds carried over from the previous draw and is included because it directly affects the size of the jackpot pool.
13 Its square is included to allow for possible non-linearity. WEDDUM takes the value one for Wednesday draws, interest in which is perceived to be less than that in the traditional Saturday game.
14 SUPERDUM is a dummy variable to capture the effect of Camelot declaring a superdraw where the jackpot is guaranteed and set at a level higher than sales would normally generate.
15 It should be stressed that SUPERDUM is treated as an exogenous variable rather than an instrument; modelling the impacts of rollovers and superdraws as symmetric may not be valid empirically and we prefer to leave open the possibility of separate, distinct impacts on sales from these sources. LUCKYDUM is set equal to one for draws 71 to 188; these included a new feature, an option (called the lucky dip) for players to have their numbers chosen for them by Camelot's random number generator. DOUBLEDUM 16 takes on a value of one for draws 59-70, a period when sales were observed to increase; public interest was high as a result of the unique event of two double rollovers occurring in quick succession to produce two exceptionally large jackpots. SATMIDDUM is a dummy variable used to isolate those weekend draws occurring in the period when the Wednesday draw was operative and an "alternative" game therefore available. SIXTYDUM is a dummy to represent draw number 60, the first with a double rollover which presented bettors with a new situation to evaluate. DIANA1 and DIANA2 are dummies to account for variations in bettor behaviour in the week following the death of the Princess of Wales; they refer to the draws scheduled for Wednesday, September 3, 1997 and Saturday, September 7, respectively. Over this period, behavior may have been modified for any of several possible reasons: a somber public mood, the non-televising of the Lottery draw, the closure of many retail outlets on the day of the funeral, September 7, and the unique postponement of that day's draw to the next day. Tables 1 and 2, 12 A similar pattern is detected in Munting (1996, p. 224) with respect to the level of support for UK local authority lotteries which were permitted from 1977 but suffered steady decline from 1979. We experimented with higher order trend terms but all were comprehensively rejected. For example, the p-value for the coefficient on time cubed is 0.27. Farrell, Morgenroth, and Walker (1999) account for the initial growth in draw-by-draw sales by including a variable to measure the number of terminals available to the public. The expansion of the number of terminals in the early phase of the lottery accounts significantly for the growth in lottery sales. However, the positive impact of trend in our data persists well beyond the period in which lottery terminals were being installed. 13 A rollover occurs when the jackpot prize is not won in a particular draw. The jackpot sum is then carried forward to the next week's draw. It is possible for two consecutive weekly jackpots to be carried over, a "double rollover," and this occured twice in our sample period. 14 Gulley and Scott (1993) found a very strong tendency for midweek draws to be less attractive in the U.S.
RESULTS

Results for the stage one and stage two regressions are displayed in
context also. 15 It would be possible for Camelot to declare a superdraw and add the money to prize pools other than that of the jackpot. This did not occur in our sample period. However, during 1999 there was one occasion when Camelot added £20m to the five plus bonus pool rather than the six-ball jackpot pool. This raised the expected value of a ticket from about £0.45 to £0.70. Sales did not respond at all. 16 This variable is suggested by Farrell, Morgenroth, and Walker (1999). respectively.
17 Following our discussion of appropriateness of exact identification of the sales equation by rollover and its square in the fourth section , we check for the validity of our two-stage procedure. First, we test for exogeneity of rollover in the price equation using a Hausman test. The chi-squared test statistic with three degrees of freedom is 3.69 and, with a critical value of 7.82 at the 5 percent level, the null hypothesis of exogeneity of rollover is clearly not rejected. Second, we inspect the correlation of skewness of prize structure and rollover. This is found to be rather low, at 0.30, and casts doubt on the hypothesis that skewness of prize structure can affect sales through rollovers. Third, we enter skewness as an explanatory variable in the sales equation. The t-statistic on the coefficient is a mere 0.37. When skewness and standard deviation are both entered into the sales equation, the coefficients on each were insignificant. The insignificant coefficient on skewness is not surprising, since the parameters that generate the measure of skewness are pre-set by the lottery operator. Therefore, we have reasonable grounds to continue with our two-stage procedure, which is also in keeping with virtually all the established literature on time-series demand for lotto.
It is conventional in any time-series modelling to test for stationarity in variables in order to avoid charges of spurious regression. Here, we employ DickeyFuller and augmented Dickey-Fuller (to four lags) tests for stationarity of sales, price, and rollover. One particular problem with the use of these tests here is the change in frequency of observation during the sample period as the second weekly draw is introduced. We ran the above stationarity tests before and after the introduction of the Wednesday draw and found that the null hypothesis of a Tables 1 and 2 show the White-corrected t-statistics. The standard errors of coefficients in Table 2 are also adjusted for the two-stage least squares procedure. Results from direct instrumental variable estimation of sales are little different to those reported in Table 2 but we prefer to reveal the underlying price equation explicitly. This has the advantage of facilitating interpretation of both direct and indirect influences of variables on sales.
unit root was rejected for each of sales, price, and rollover. 18 Hence, we proceed on the basis that all continuous variables are stationary. Similarly, our regression results reported below were found to be substantially unaffected by truncating the sample period to before the introduction of the Wednesday draw.
In the equation [1], the regressors explain 82 percent of the variation in calculated effective price. While these particular results are not our focus of interest, it is worthy to note that the size of any rollover is shown to have a very important impact on the effective price of participating in the Lottery. However, it may seem an unlikely result that the coefficient on ROLLOVER is positive, since it seems to imply that an increase in size of rollover initially works to make the Lottery effectively more expensive. In fact, this is not the correct interpretation of our findings. From the two coefficients in the quadratic term for the size of rollover, one can calculate that the maximum contribution of rollover size occurs at ROLLOVER = £134. Given that any rollover is always several million pounds, this figure is effectively zero and the implication of the result is that increasing size of rollover pushes down the price of lottery tickets throughout the range of feasible (i.e., non-negative) ROLLOVER values. The role of the positive coefficient on ROLLOVER is simply to capture the curvature of the relationship.
It would of course be possible that bettors' actual expectations of price were in fact systematically different from the effective price predicted from our equation.
However, we are satisfied that this is not the case. If bettors' predictions of effective price are fully captured by our specified equation, then there should be no pattern to the residuals of that equation (Scott and Gulley, 1995) . In a companion paper (Forrest, Gulley, and Simmons, 2000) , we regress the residuals of our effective price equation on Lottery sales, q. There is no relationship indicated (the tstatistic of the estimated coefficient on q is -0.02). Hence players' expectations of effective price appear to be correct on average and we are encouraged therefore to proceed to use EXPPRICE in the modelling of demand (stage two of our estimation).
The most striking feature of our estimated demand function, shown in Table  2 , is that the negative coefficient on the price variable is highly significant: unsurprisingly, the demand curve for the National Lottery appears to be downward sloping. Before discussing elasticity, we comment briefly on other findings of interest from a policy point of view.
The results on TREND and its square point to an increasing level of public support for the Lottery that is sustained over time but with some evidence of consumer satiation or boredom towards the end of our sample period. The quadratic term in TREND is significantly different from zero at the 10 percent level (p = 0.066) with the turning point in sales found at draw 184. This concurs with received media opinion that interest in the Lottery, although growing over the sample period, was flagging after three years. Indeed, it may have been concern about an antici- 18 Before the Wednesday draw the augmented Dickey-Fuller statistic for sales is minus 3.14 (with four lags) and the Dickey-Fuller statistics for price and rollover are minus 9.49 and minus 11.02, respectively. After the introduction of the Wednesday draw the augmented Dickey-Fuller statistic for sales is minus 3.56 (again with four lags) and the Dickey-Fuller statistics for price and rollover are minus 8.34 and minus 8.90. All these tests incorporate a constant but no trend; inclusion of a time trend does not overturn the conclusion of stationarity of sales before and after the introduction of the Wednesday draw. The finding of stationarity in sales and expected value concurs with the results obtained by Farrell, Morgenroth, and Walker (1999) . Hence, we cannot search for a cointegrating relationship between sales and price, as in some time-series commodity demand studies. Instead the "long-run" price-sales relation refers to a demand schedule identified by random rollover events with some dynamic adjustment modelled by the lagged sales terms. pated levelling off of sales which induced the operator to initiate the second draw in 1997. Consumer satiation seems to have been encountered in some U.S. lotteries (Gulley and Scott, 1993) . It is also possible that the results on the trend variables are picking up the effects of the cyclical upswing in the UK economy that was a feature of this three-year period.
The strength of the estimated coefficient on WEDDUM allows us to confirm for the UK the finding for the U.S. by Gulley and Scott (1993) that midweek lottery draws are significantly less popular than those held on Saturdays. Happily for Camelot, the coefficient on SATMIDDUM shows that the introduction of Wednesday draws had no adverse effect on Saturday sales (and there is indeed some weak evidence for complementarity, perhaps because a purchase for Wednesday allows a Saturday ticket to be bought at the same time).
The finding of a significant, negative coefficient on LUCKYDUM appears to indicate that the availability of a lucky dip option so confused the public that sales were suppressed. However, we are in fact agnostic about what the negative sign signifies. The dummy is defined to be operative from draw 71 to the end of the sample period. It may therefore be revealing a structural break that occurred after about 70 draws, a change in buyers' attitudes not picked-up by a simple trend term. This possibility is reinforced by our finding that the estimated coefficient on DOUBLEDUM is positive and significant. This dummy relates to the exciting period of draws 59-70, which included two double rollovers. It seems possible that the period from draw 71 on saw a reaction from this period of abnormally intense publicity and that the negative sign on the coefficient termed LUCKYDUM is the result.
The implications of our findings for Camelot's superdraw strategy can be drawn only by referring to the estimated coefficients on SUPERDUM in both the price and sales equations. The result at stage one shows that when Camelot declared a superdraw, effective price indeed fell, as planned. However, the significant, negative coefficient at stage two suggests that sales do not respond as strongly as they normally do if the fall in effective price has been triggered by the calling of a superdraw. Given that most variation in effective price is associated with rollovers, the implication is that superdraws in fact impinge on public consciousness less than rollovers. Caution, though, should be exercised in drawing this conclusion; there is a selection problem to the extent that Camelot is likely to choose to exercise the superdraw option in those circumstances when it judges that sales need a boost by putting the tickets "in a sale." For example, it declared a superdraw for the first three Wednesday games as part of its product launch strategy.
Finally, we return to bettors' sensitivity to price. The steady-state long-run price elasticity of demand, which we argue is the elasticity of primary interest to the authorities, is estimated as -1.03.
19 This value is not significantly different from the value of minus one that maximizes the net revenue of the National Lottery. Because of the presence of the four lags on the dependent variable, the effect of a price variation on steady-state sales is modelled to take several periods to work. The shortrun impact elasticity, here estimated as -0.66, is necessarily lower than the long- 19 The steady-state long-run price elasticity is derived as the price coefficient divided by one minus the sum of coefficents on lagged sales, here -0.664/(1 -(0.123 + 0.125 + 0.041 + 0.064)) = -1.03. If the dummy variables for special events and various sub-periods and the lagged sales terms are all removed, leaving just EXPPRICE, trend, and its square as explanatory variables in the sales equation, we obtain a price elasticity of -0.95, which is also not significantly different from minus one. If we repeat this procedure but leave in the four lagged sales terms, the long-run price elasticity is -0.91, which is also not significantly different from minus one.
run steady-state elasticity. Simulation of a permanent change in expected price, a change in the rules of play for instance, reveals substantial adjustment in one period and quick subsequent adjustment to the new equilibrium. If expected price rises from 0.5 to 0.6, we obtain 65 percent of the adjustment of sales in one draw, 73 percent of the adjustment in two draws, and 96 percent of the adjustment after six draws (or three weeks when Wednesday draws are included). Of course, our estimated demand elasticity is very different from the value which would maximize profits. The exact value of elasticity consistent with profit maximization depends on the level of marginal cost. One element of marginal cost from Camelot's perspective is the 40 pence per ticket payment to the government to cover tax and payments to Good Causes. There are also direct marginal costs to consider. The level of direct costs is not public information but we know that direct marginal cost is at least five pence because this amount is paid in retailer commission on each ticket sold. We also know that an additional four pence of the ticket's value is earmarked (under the terms of the license) for meeting operating costs. That makes average direct cost (inclusive of retailer commission) equal to nine pence; given the high infrastructure provision (computer terminals at each point of sale), however, direct marginal cost will certainly be less than nine pence. Since direct marginal cost is known to be more than five pence but less than nine pence, we base our calculations on the mid-point of this range, seven pence.
Combining the tax liability with our estimate of direct costs, overall marginal cost to Camelot may be set at £0.47. Combined with an expected price of £0.50, the price elasticity that would maximize this is -16.7; this was found by applying the formula MR = MC = P(1 + (1/e)) where e is the price elasticity. Therefore, Camelot would, given the tax regime, like to have radically different terms to the game compared with those which will maximize government revenue. This is why a strong regulatory regime is a natural concomitant of a system whereby lottery operation is franchised rather than directly operated by government, as is typical in the United States.
CONCLUSION
When setting a take-out rate for a state lottery, legislators are actually setting what would be the typical effective price of taking part. In the UK, where the operation of the National Lottery is franchised to a private operator, government had the incentive to set rules that would price the Lottery at a level that would maximize net-of-prizes turnover. It in fact chose a take-out rate of 50 percent, significantly less than that of closely competing football pools and mid-way between the extremes of 30 percent and 70 percent applied in the National Lotteries of other European Union countries (Munting, 1996, p.78) . The figure of 50 percent appears to be well chosen, because we have examined sales patterns in the first three years of the Lottery to estimate price elasticity of demand and our long-run estimate is close to the value of minus one required for net revenue maximisation to be achieved. We conclude that government has succeeded in setting a framework for the National Lottery that is consistent with maximizing the amount of money available for Good Causes.
